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Introduction
Contemporary discussions of the concepts of time in
archaeology are still concerned with problems of
chronology. In contrast to the earlier and often po-
larizing discussions, it is now becoming increasingly
apparent that both relative chronology and calen-
dar (radiometric) chronology in many cases actually
have the same basic flaws. In his book ‘The Archae-
ology of Time’, Gavin Lucas (2005.10) suggests that
“chronology – whether relative or absolute – is the-
oretically problematic and for one chief reason: it
presents time as a uniform, linear phenomenon
which has tended to define the model for histori-
cal explanation in a similar uniform, linear way
… Both the periodisation and the calendar flow in
one direction and each is divided into discrete,
non-overlapping units, i.e. periods or years. The
main difference is that periodisation uses much
larger units than the calendrical system but, in
principle, they share the same structure. In short,
they presume a specific conception of time as a
uni-linear sequence or series.”
Alternative approaches have been proposed which
share the basic idea that different historical proces-
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ses operate on different temporal scales. These ap-
proaches borrow from the French historical theory
developed by the Annales School and non-linear
dynamics. Of the more influential theoretical dis-
cussions on the concepts of time in archaeology,
Geoff Bailey’s (2007) concept of time perspectivism
and Michael Shanks and Christopher Tilley’s (1987)
concept of abstract and substantial time are worth
mentioning. Bailey draws attention to the existence
of different conceptual timescales and especially to
“… the relatively coarse temporal resolution and
palimpsest nature of much of the archaeological
record; the possibility that the increased time depth
and varied time resolution of observation afforded
by archaeological data might allow us to perceive
phenomena and processes not visible at smaller
scales of observation.” (Bailey 2007.199). He goes
on to argue that “…the analysis of small-scale phe-
nomena such as individual agency, inter-personal
interactions and perception, which have become
such a dominant tendency in recent archaeologi-
cal interpretation, is better focused on observation
of, say, present-day practices or recent historical
periods rather than the deeper prehistoric past.”
(Bailey 2007.201). Shanks and Tilley (1987.128) cri-
ticise one specific detail of Bailey’s position, name-
ly that archaeology should deal with the long-term,
and they consequently differentiate between two
different kinds of time – abstract and substantial
time. They equate the abstract with measured time,
which is a notion that only recently emerged with-
in the framework of the modern economic world-
view. This is the (technical) time concept underlying
the construction of relative and calendar archaeolo-
gical chronologies. Substantial time, on the other
hand, is the time of social practice, time as perceived
by social actors in the short-term.
Shanks and Tilley and other post-processualists are
concerned with the experience and flow of time, is-
sues of the social construction of time, of memory
and forgetting, and of the nature of the past in the
past. With this focus, in the search for history and
temporality, there is a natural tendency to downplay
sequence as mere chronology both relative and ab-
solute. (Whittle et al. 2011b.3). In consequence, the
discussion again becomes polarizing. At the same
time, new methodologies have been developed with-
in the framework of archaeological sciences that
place much emphasis on the major (although earlier
only qualitative) impact that metric, radiocarbon
chronology has had on prehistoric archaeology (Ren-
frew 1973). Today, many tools are available, the
common aim of which is the construction of chrono-
logies that simultaneously take into account radio-
carbon (14C age) data as well as archaeological in-
formation in order to achieve more precise chrono-
logies (Bronk Ramsey 2008). Interestingly, the exi-
stence of two entirely different concepts of time, as
noted above, is even today not widely acknowled-
ged, even to the point that the corresponding schools-
of-thought remain largely ignorant of each other. As
Robert Paynter (2002. 97) puts it, “the theoretical
side of archaeology lost track of time just as the
methodological side of archaeology was acquiring
the ability to create absolute chronologies”. 
Recently the new ‘Bayesian’ approach to interpret-
ing archaeological chronologies has been applied to
the British Neolithic with present focus on long bar-
rows and enclosures (Bayliss et al. 2007; Whittle et
al. 2011a). The research incentive is not only to pro-
vide a more precise chronology, but also to bridge
the gap between post-processual theoretical discus-
sions and new calendar chronologies. The authors
of these projects postulate there is a “… need to de-
termine the tempo of cultural change, the duration
of activities seen in the archaeological record and
the nature of temporality or the lived experience
and marking of time. But it is hard to see how we
can begin to attempt these goals without a frame-
work of calendar dating. The calendrical time scale
allows an assessment of elapsed time – how long is
significant as well as when” (Bayliss et al. 2007.2).
Unfortunately, such ongoing theoretical discussions
in the English-speaking community rarely meet a res-
ponse in other European countries, including Slove-
nia. Here, questions relating to the measurements
and conceptualization of time in the archaeological
record are still widely treated within traditional
chronological schemes, in which time is related to
the assumed existence of cultural entities (such as
the Neolithic and Eneolithic) and, on shorter time-
scales, to the assumed existence of archaeological
cultures (such as Lengyel and Lasinja). Independent
of any dating resolution, within this framework, 14C
dates can only be used to replicate such schemes in
calendar years.
Problems of chronology
Chronology is fundamental to archaeology, since it
allows the time-dependency of variations in the ar-
chaeological record to be distinguished from those
determined by other factors. As widely recognized,
it is inherently difficult to use the material record to
distinguish between real historical processes and
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processes that are only artificially reconstructed as
a result of research methodology. Before calendar
chronology was possible, only relative chronology
could be established, based on the classification of
artefacts into typological sequences. The ‘cultural’
(or ‘comparative-stratigraphic’) dating method is ba-
sed on evaluating the superposition of archaeologi-
cal deposits, to begin on a local or regional scale, and
the results are then used in a transfer procedure to
date other deposits, on a wider geographical scale.
Since the origin of such generalizing periodisation
schemes in the 19th century, their meanings con-
stantly shifted, but individual cultural units (e.g., pe-
riods) have always been represented as an entity
which can be analysed as a coherent whole (Tho-
mas 1993.390). Following the introduction of the
concept of archaeological cultures in early 20th cen-
tury, and the increasingly predominant critique of
such concepts in the late 20th century, today – de-
spite a general waning of chronological discussion –
the application of such schemes became widespread.
Importantly, archaeological culture is still today re-
presented as an entity, which is internally stable,
time-constant and altogether quite inflexible. Johan-
nes Müller rightly criticizes this view when he writes
that “Most of the archaeologists reconstructed ‘cul-
tures’ as spatially and temporally limited units
that followed one after the other” (Müller 2009.
722). If at all, some minor cultural flexibility is allo-
wed to cover the possibility of some minor tempo-
ral overlap.
The general notion underlying all classification-ba-
sed research programs is that culture is simply a
materialized sequence of events. In relative chrono-
logy, this leads to a vicious cycle, since the material
classification is not only used for dating purposes,
but also simultaneously for the definition of what
is being dated. This is already apparent for cultural
dating with low resolution on the temporal level of
major chronological periods (e.g. Neolithic, Eneoli-
thic), but all the more when the dating is refined to
cover the level of cultural units (e.g. Lengyel, Lasi-
nja). On both levels, the typologically classified ma-
terial culture is inevitably presented as temporally
exclusive (despite possible contemporaneity). Simul-
taneously, any observed variability within the ma-
terial record is used to define the supposedly fixed
(and then accepted) limits of the classificatory units
under study. In this manner, since these units can
only be defined as homogenous, the allowed cultu-
ral variability regulates the precision of the cultural
dating. The underlying world-view is that prehistory
contains a long and steady sequence of artificially
homogenous and internally stable periods or cultu-
res that are separated from each other by relatively
rapid changes in their material (typological) foun-
dation. 
The research program based on relating cultural
change to the material variability found within any
given sequence of time-exclusive periods and cultu-
res has further (and again inherent) implications,
the most important of which is related to the norma-
tive culture-historical interpretations, namely that
differently classifiable material culture must be the
product of different peoples (Shanks, Tilley 1987.
79–95). This is perhaps best exemplified by Gordon
Childe (1929.v–iv): “We find certain types of re-
mains – pots, implements, ornaments, burial rites,
and house forms – constantly recurring together.
Such a complex of associated traits we shall term
a ’cultural group’ or just a ’culture’. We assume
that such a complex is the material expression of
what today would be called a ’people’ ”. When inte-
grated within a research program, such concepts of
how to understand variability within the archaeolo-
gical record not only provides a chronological back-
ground, but also an interpretive framework within
which it is possible to define certain norms in cul-
ture. The very concept of relating culture to chrono-
logy in this manner ultimately makes both constitu-
tive of each other. It is therefore not only (techni-
cally) the case that “the resolution of dating methods
… influences the form in which societies are re-
constructed by archaeologists” (Müller 2009.721),
but also (ideally) that “the conceptualization of time
through chronology appears to operate through a
historical process of accretion and adaptation ra-
ther than refutation” (Chazan 1995.464). Ultima-
tely, relative chronological schemes as well as cul-
tural-historical interpretations of prehistoric society
are maintained in such approaches, and this is inde-
pendent of whether a natural-scientific or cultural
approach is taken.
With the continuous refinement of radiometric dat-
ing (e.g., 14C–AMS) methods, new calendar chrono-
logies can now be established that allow the dating
of individual archaeological events irrespective of
their relative-chronological and cultural attribution.
In the past, this possibility has often been over-
looked. 14C dates are still today sometimes used
only as occasional hooks onto which archaeological
cultures and periods are hung (Whittle 2011b.1) and,
if the results of the pre-established relative order
are not confirmed, they can even be rejected with
no further avail. In this way, relative chronological
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schemes often established long ago and based on
less abundant material compared to the variability
known today are often simply replicated. Of course
we should discontinue using 14C dates in this man-
ner, but to date activities and events that happened
in the past. This new approach is supported by using
statistical procedures implemented in a simple to
use computer software. Earlier researchers initially
applied quite simply implemented 14C-age calibra-
tion software, wherein the data-input and the com-
puter-output were perceived as representing inde-
pendent scientific dates, as claimed by Renfrew
(1973.109). Over the years, archaeologists have be-
come increasingly aware of the necessity, prior to
the statistical analysis, to provide a contextual and
interpretive framework based on empirical archaeo-
logical information as well as on theoretical model-
ling. This framework merges the archaeological re-
cord with the excavation praxis (the source of the
record), with archaeological theory (the interpreta-
tion of the record), and – in particular – with the ba-
sic principles of the applied dating method.
Bayesian modelling of archaeological chrono-
logies
When handling 14C data, it is important to under-
stand that we are dating events in the past, but that
these are seldom contemporary with the archaeolo-
gical event we wish to date, which can be anywhere
from the initial deposition of an artefact assemblage,
to the construction of a house, its later burning, the
beginning and end of any particular settlement or
human occupation in a region as a whole.
From the biological perspective, 14C date provides
an estimate of the time that has passed since an or-
ganism stopped exchanging 14C with the environ-
ment. It is therefore important to consider the time-
width or the period during which the exchange of
carbon was active. For ‘short-lived’ samples such as
a cereal grain, this period is short (1 growing sea-
son), but for ‘long-lived’ samples, such as charcoal,
it can be quite long (up to 100 years and more).
Trees grow by the addition of rings and once these
are laid down, the photosynthetic carbon exchange
between the rings and the atmosphere ceases. Un-
fortunately, for the majority of charcoal samples
that derive from any typical archaeological excava-
tion, it is impossible to reconstruct whether the
charcoal originates from the (older) heartwood or
the (younger) sapwood. Strictly speaking, the time-
difference between the calendric age of the charcoal
sample and the felling of a tree, not to mention the
use of its wood for building or fuel, remains un-
known. To avoid the error-prone reconstruction of
the ‘average’ calendric age of a ‘typical’ charcoal
sample (and this is very clearly emphasized by Pat-
rick Ashmore (1999), when he recommends only
dating single and not multiple events), it is advisable
to sample only ‘short-lived’ samples. As is well-
known, the re-analysis of earlier 14C-data is there-
fore seldom really fruitful, since in the past the
large majority of dates were produced on charcoal.
But today, the 14C-AMS technique readily allows the
dating of very small samples, such as cereals, small
bones and organic residue on pottery. AMS-14C-ages
that have been obtained on such ‘short-lived’ sam-
ples obviously provide dates that are more closely
related to events of archaeological interest, than
dates on potentially long-lived charcoal samples.
Since radiocarbon results are supplied as statistical
estimates, 14C age values show a sometimes wide
scatter around the true 14C age, depending on the
quoted error. When 14C-measurements are age-cali-
brated, this initial scattering effect is further ampli-
fied, depending on the shape of the tree-ring based
calibration curve in the relevant period. The true ca-
lendar ages of 14C measurements can be represen-
ted in formally quite simple looking graphs, both for
single as well as for grouped dates, but the result-
ing graph requires some actually quite complex in-
terpretation, and the typically multi-modal distribu-
tion of calendric-scale dating probability shown in
such graphs can hardly be intuitively understood. In
consequence, due to the inevitable statistical scat-
ter of ages in combination with the folding effects of
the calibration curve, it is virtually impossible – by
a mere visual inspection of calibrated age graphs –
to obtain a realistic estimate for the actual age of the
archaeological events of interest under study. In par-
ticular, due to the unrealistically wide spread of rea-
dings induced by the shape of the calibration curve,
it is difficult to derive a statistically reliable estimate
for the actual durations of the activities under study. 
As an helpful alternative, it is possible to analyse ex-
tended sets of 14C dates with the use of computer-
based methods that are derived from probabilistic
Bayesian theory. Such methods, that are becoming
increasingly popular in the archaeological commu-
nity, are capable of providing formally correct age
estimates with quantified uncertainties for a wide
range of applications. To this purpose, in the present
study, we make use of the calibration software OxCal
(Bronk Ramsey 2009), which implements Bayesian
statistics and Markov Chain Monte Carlo sampling.
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The underlying idea is to provide statistical con-
straints for the typically large multiplicity of calen-
dric scale readings, with the aid of additional ar-
chaeological information. To be successful, this ap-
proach requires a refined look not only at the statis-
tical properties of the 14C-data under study, but also
at the archaeological properties of the study sam-
ples.
The Bayesian approach to modelling archaeological
chronologies has been under development for some
20 years now and has over the years been applied
to wide variety of chronological problems. There
exist many theoretical, methodological and practical
studies that provide introductions to Bayesian cali-
bration procedures. Most recently, the Bayesian me-
thodology is described in detail by Christopher
Bronk Ramsey (1995; 1998; 2008; 2009), Alex Bay-
liss et al. (2007) and Alasdair Whittle et al. (2008;
2011a). In a nut-shell, the Bayesian approach (as im-
plemented in the OxCal-program) is simultaneously
probabilistic as well as contextual, and enables input
of the necessary archaeological information for a
wide variety of archaeological study situations. In
OxCal the analysis procedure is not simply a matter
of entering data, and obtaining results (as sometimes
assumed), but instead a question of experimenting
with the data in the light of available archaeological
information. The OxCal program supports this ap-
proach by providing a platform for convenient recal-
culation of the calibrated probability distributions
of 14C dates under different conditions. A particular-
ly useful option is to estimate ages of events that
have not been directly dated, as well as to estimate
the duration of activities. 
The OxCal program allows different chronological
models to be produced. In these models, archaeo-
logical information is used to define the relation-
ships between 14C dates and archaeological events
of interest, as is usually available as a stratigraphic
or other kind of relative sequence. The two basic
tools in OxCal with which basically any chronologi-
cal problem can be addressed are ‘Phases’ and ‘Se-
quences’. The former can be used to group 14C da-
tes, the relative chronological order of which is not
known, but the data are assumed to be connected.
The latter can be used when information is available
for the relative chronological order of the dated sam-
ples. Phases and sequences can be nested one in ano-
ther, so that we can, for example, have a sequence
of phases within which 14C dates are grouped. We
make use of such a simple sequence of phases in the
present paper when chronologically modelling the
different Neolithic settlement phases at Moverna vas,
whereas a more complex nesting of phases and se-
quences is used in the chronological modelling of
the Vinkovci-Sopot site. In Bayesian terminology, ar-
chaeological information entered during the mod-
elling process serves as an ‘Informative’ prior be-
lief which strongly affects the chronological results
and therefore has to be used knowledgeably and
with an understanding of the chronological ques-
tions we wish to ask. 
OxCal also uses what is called ‘Uninformative’ prior
belief, the application of which is useful when 14C
dates are known to be related, for example when we
date a period of past activity (which may be a peri-
od of settlement occupation or period of production
of a certain pottery type). By implementing a uni-
form event distribution on the sample set, we as-
sume that the activity began, then continued at a re-
latively constant rate, and then ended. The assump-
tion, in this case, is that the available set of 14C da-
tes can be visualized as representing a random sam-
ple of dates within this period. According to Bayliss
et al. (2011.21) this assumption allows the OxCal
program to “…asses how far the variation in the
calibrated radiocarbon dates arises from varia-
tion in the actual dates of the samples, and how
far from the probabilistic scatter inherent in ra-
diocarbon dating and calibration process”. In
short, this enables the program to set an upper li-
mit on the statistical scatter of 14C dates. In OxCal,
the assumption of a uniform distribution is introdu-
ced by enclosing the phase within boundaries. We
use this approach in all of our chronological models,
but whereas the underlying assumptions are unpro-
blematic for site-based case studies (Moverna vas
and Vinkovci-Sopot), it is harder to substantiate in
the case studies in which pottery distinctions are
used to further subdivide cultural periods (Sava
group of the Lengyel culture and Lasinja culture).
The critical question, not only when applying the
corresponding OxCal options, is whether pottery
styles really do have a beginning and an end, or
whether there is a gradual transformation from one
style to the next. According to Bronk Ramsey (1998.
462), in general terms the validity of the specific as-
sumptions underlying the choice of a uniform sam-
ple distribution of 14C samples has only minor in-
fluence on the results of chronological models. For
security, OxCal nevertheless provides a so-called
‘Agreement index’, in which the consistency be-
tween the archaeological prior information and the
data is estimated. For threshold values at 60% or
higher the agreement between the model (input)
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and the chronological results (output) is considered
consistent.
Bayesian chronological modelling not only provides
a methodology either to constrain chronological data
with the aid of archaeological information, or to li-
mit the scatter of probability distributions, but also
enables ages for events of archaeological interest,
that are not directly dated, to be estimated (Bronk
Ramsey 2009). In combination with the Phases and
Boundaries options, OxCal also provides estimates
for the individual calendar age values of the ‘Start’,
‘End’ and ‘Boundary’ of the individual modelled
phases as well as other positions in a sequence. We
use this OxCal option to estimate the age for the ty-
pological change between Sopot II–B and III typo-
logical phases. These are constrained in a sequence
of superposed houses on the tell-site in Vinkovci-So-
pot that will be presented in one of our case studies.
To conclude, the Bayesian approach to chronological
modelling is a heuristic tool with which different
chronological models combining 14C data and con-
textual archaeological information can be tested and
compared. The results are never absolute or final,
and change when additional data becomes available.
This ‘hermeneutic spiral’ (Bayliss et al. 2007.Fig. 2)
answers specific chronological questions, introduces
new ones and is never complete. 
Outline of the study
In the following, Bayesian chronological modelling
is applied to five case studies: three from Slovenia
and two from the Slavonian region of Croatia. For
Bayesian chronological modelling, we used the OxCal
program, version 4.1 (Bronk Ramsey 2009) with
implemented IntCal09 calibration curve (Reimer et
al. 2009). All age estimates of dates and duration es-
timates are presented as 1 sigma or 68.2% probabi-
lity ranges. It must be pointed out that a majority of
the 14C dates used in our models are on charcoal, so
an ‘old wood effect’ must be taken into account. All
the 14C dates and the relevant contextual data we
used in our models are presented in the appendix.
Two case studies deal with the calendar chronolo-
gies of individual sites, where archaeological data
allows more precise dating of activities within them.
Nesting of phases and sequences is used to model
the relationships between 14C dates as represented
by the available archaeological information. These
are the cases in which Bayesian chronological mod-
elling is most useful, because it is a tool for the pre-
cise calendar dating of activities on sites irrespec-
tive of the more traditional relative dating by pot-
tery. In the case of the Moverna vas site from Slove-
nia, the stratigraphic sequence will be used to con-
strain the dates from individual Neolithic settlement
phases. This will provide a more precise calendar
dating for pottery assemblages associated with indi-
vidual settlement phases, as well as a preliminary as-
sessment of the continuity of Neolithic occupation
of this site. From the Slavonian region of Croatia, we
present a more complex chronological model of a
Neolithic site, at Sopot-Vinkovci. The superpositional
relations of houses excavated on this site will allow
the dates for individual houses to be constrained and
precisely dated.
Three case-studies deal with calendar chronologies
of periods in which certain types of pottery were
produced. In this, we follow the approach to spatio-
temporal modelling suggested by Blackwell and Buck
(2003; see also Bayliss et al. 2011.58). Bayesian
chronological modelling is used in these cases to
limit the scatter of probability distributions. This is
done with the aid of the bounded phases with an as-
sumption of uniform event distribution on the sam-
ple set. This kind of Bayesian chronological model-
ling is already biased, as it uses the relative chrono-
logical schemes to group 14C dates from sites into
discrete groups on the basis of the typological and
cultural attribution of their pottery assemblages. It
is used in our paper first to provide the dating of the
periods in which certain types of pottery were pro-
duced (e.g. Sava group of the Lengyel culture, Lasi-
nja culture) that is more precise than one obtained
by simple group calibration, and summing the pro-
bability distributions. These periods, namely archa-
eological cultures, can then be better compared on
the calendric time scale. Secondly, and perhaps more
importantly, this kind of modelling is used to com-
pare calendar and cultural sequences and to show
some inconsistencies and contradictions in the lat-
ter. Chronological modelling of the Sava group of the
Lengyel culture in Slovenia will limit the scatter of
dates from sites associated with this cultural group.
It will allow the period of pottery production, on the
basis of which this group was defined, to be presen-
ted within a calendar time frame and compared with
some other cultural sequences from Central and
Southeastern Europe. In the last case-study from Slo-
venia, precisely dated burial activity in Neolithic Aj-
dovska jama cave site together with the constrained
calendar dating of the 6th settlement phase in Mo-
verna vas will be compared to 14C dates from Lasi-
nja culture sites in North-eastern Slovenia. It will be
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shown that sites attributed to different, temporally
exclusive periods and cultures can be contemporary.
Information on the typological classification of some
sequenced houses from Vinkovci-Sopot site will be
used to estimate the date of the transition between
typological phases II–B and III of the Sopot culture.
This date will be compared to dates of the Lasinja
culture sites in the same region. On this basis, it will
be shown that a relative chronological sequence of
cultures in this region is problematic.
In the discussion, the results of our case-studies are
considered within a broader temporal and spatial
framework by introducing a diagram in which we
correlate calendar and some cultural sequences from
Central and Southeastern Europe.
Moverna vas settlement phases
In Slovenia, Bayesian chronological modelling is ap-
plied to the Neolithic and Eneolithic site at Moverna
vas in Bela Krajina. This is the only Slovenian Neoli-
thic and Eneolithic site from which we have a long
stratigraphic sequence together with a sequence of
14C dates spanning the 5th millennium calBC. The
stratigraphic sequence shows repetitions of natural
processes identified as erosion and the deposition of
layered deposits, with artefact assemblages deposi-
ted more or less accidentally, and anthropogenic acti-
vity identified as post-holes, refuse pits, hearths and
burnt loam with post impressions. On the basis of
their stratigraphic position within la-
yered deposits, different anthropolo-
gical traces were ascribed to indivi-
dual settlement phases (Budja 1993
(1994).18) (Fig. 1).
Because all the available 14C dates
originate from natural layered depo-
sits and not from immediate traces
of anthropogenic activity, only the
relative order of settlement phases
can be modelled and not activities
related to pit digging and house con-
struction within these phases. Never-
theless, Bayesian modelling of the
settlement phases enables a more
precise dating of the pottery assem-
blages discovered in these deposits,
as well as an assessment of the con-
tinuity of occupation of the site. 14C
dates are available only for Neolithic
settlement phases, while Eneolithic
phases are not dated. This is unfor-
tunate, since if dates for Eneolithic phases were avai-
lable, we could use the stratigraphic sequence to
constrain and estimate the date when significant
typological change that defines the boundary be-
tween Neolithic and Eneolithic (Lasinja culture) hap-
pened at the site in the late 5th millennium calBC. 
In total, twenty-four 14C dates are available from
Moverna vas. Three dates obtained in the 1980s
from the laboratory in Zagreb were excluded from
analysis because their ages have been published in-
consistently in different sources. Of the remaining
dates, 6 on charcoal were produced in the Oxford
Radiocarbon Accelerator Unit (Budja 1993 (1994).
Fig. 5) and 15 dates on carbonised residue on pot-
tery were produced in Poznań Radiocarbon Labora-
tory. Among the dates from Poznań, 10 were produ-
ced previously (Ωibrat Ga∏pari≠ 2008.Fig. 5.1), 5
new 14C dates were obtained just recently and will
be published here for the first time. A great major-
ity of the 14C dates were produced on carbonised
residues adhering to the interior or partly exterior
surfaces of pottery sherds. This material is probably
the remains of charred food and, since the sherds
of individual vessels refit within the same stratigra-
phic context, the pottery has a good chance of be-
ing in the place where it was originally discarded.
Dates on charcoal, however, could be older than the
context due to the ‘old wood effect’. On the basis of
their stratigraphic context and ascription to indivi-
dual settlement phases, 14C dates are grouped with-
Fig. 1. Stratigraphic sequence and sequence of Neolithic settle-
ment phases in Moverna vas (Budja 1993(1994).Fig. 5).
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in five contiguous bounded phases that follow each
other sequentially in the OxCal model. Phases are
thus modelled without the possibility of temporal
overlap between them. While the dates on carboni-
sed residue on pottery are good, supposedly ran-
domly distributed, samples from within individual
settlement phases, this cannot be said of the char-
coal dates, as their ages could be significantly older
than the events of their deposition within the con-
text, i.e. individual settlement phases. 14C dates on
charcoal are thus not fully incorporated into our mo-
del and are included only as termini post quos (Bay-
liss et al. 2011.56–58). This means that they do not
represent random samples from within the indivi-
dual settlement phases and only constrain the da-
tes for their endings, not their beginnings. One re-
cently obtained 14C date (Poz–48537) was also not
incorporated into the model, because it was pro-
duced on a sample from older, non-stratigraphic ex-
cavations. A correlation of sections from two excava-
tions (non-stratigraphic in 1984 and stratigraphic in
1988) allows us to situate the mentioned sample
either within the 4th or the 5th settlement phase,
which is in agreement with the probability distribu-
tion of this date.
The results of the chronological modelling presented
in Figure 2 allows us to estimate the start and end
dates of individual phases, the dates of the bounda-
ries between them and the durations of individual
phases, as well as the Neolithic settlement as a
whole. The model has a good agreement index
(115%) and the same holds for individual 14C da-
tes, except for one date (Poz–21404) from the 6th
settlement phase, which seems to be too old and
was thus excluded from the analysis. A sherd be-
longing to the same vessel as the inconsistent date
was replicated (Poz–48534) in the newest 14C se-
ries. It is in good agreement with the model so it
seems that the first date on this vessel is erroneous.
Our results are consistent with the interpreted se-
quence of settlement phases at the site. The oldest
phase at the settlement, i.e. the 2nd settlement phase,
starts in 4937–4801 calBC (68.2% probability). It is
followed in 4649–4550 calBC (68.2% probability)
by the 3rd settlement phase. This phase is objectified
in the stratigraphic sequence by a thin layer with
very few finds, and was probably formed by natu-
ral processes with very little anthropogenic activity.
One date on pottery residue from this phase shows
that some activity was present, as its age is clearly
discerned from the ages of dates from the previous
2nd and following 4th settlement phases. On the ba-
sis of our present data, we cannot say if this isola-
ted activity was preceded or followed by any gap
in occupation. The dates of 4th and 5th settlement
phases are tightly clustered, but we were able to
separate them in our model on the basis of relative
chronological information. The 4th settlement phase
follows a lull of activity represented by the previous
settlement phase in 4498–4419 calBC (68.2% proba-
bility) and is soon followed by the 5th settlement
phase in 4426–4376 calBC (68.2% probability). The
groupings of dates in these two settlement phases
show that this was a period of high anthropogenic
activity. The last Neolithic 6th settlement phase fol-
lows the 5th in 4389–4350 calBC (68.2% probability)
and ends in 4324–4225 calBC (68.2% probability).
The Neolithic occupation at the site lasted for 512–
703 years (68.2% probability). The estimated dura-
tions of individual settlement phases show that the
oldest 2nd settlement phase is of the longest dura-
tion (Fig. 3). It probably lasted two to three centuries
or more (178–365 years (68.2% probability)). Of
shorter but still significant duration is the 3rd settle-
ment phase (73–204 years (68.2% probability)). The
disproportionately long duration of this phase when
compared to the thinness of its deposit and lack of
archaeological finds is an additional argument sug-
gesting that this phase was a period of low activity.
The durations of the following, well-dated 4th (0–78
years (68.2% probability)) and 5th settlement phas-
es (0–42 years (68.2% probability)) are very brief
and can be measured in terms of human genera-
tions. The last Neolithic 6th settlement phase lasted
about more or less a century (38–161 years (68.2%
probability)).
Beyond the mere relative sequence of Neolithic set-
tlement phases in Moverna vas, our results not only
provide more precise dates, but also durations. This
allows us to better interpret the anthropogenic acti-
vity at the site and separate periods of low activity
from periods of high activity. The oldest 2nd settle-
ment phase at the site can now be dated from the
49th to 47th centuries calBC and thus represents the
oldest well documented Neolithic activity in conti-
nental Slovenia. The low activity of the 3rd settle-
ment phase can be dated to the 46th century calBC
and the first half of the 45th century calBC, while a
period of high activity in the 4th settlement phase
is dated to the 45th and that of the 5th settlement
phase to the first half of the 44th century calBC. The
6th and last Neolithic settlement phase can be dated
to the 44th and 43rd centuries calBC. Interestingly,
the end of the Neolithic settlement phases in Mover-
na vas around 4300 calBC is contemporary with the
14C calendar chronologies and cultural sequences in 5th millennium BC in Slovenia and neighbouring regions
357
proposed beginning of the Eneolithic Lasinja culture
in a broader spatial framework (Balen 2008.22;
Gu∏tin 2005.14, Fig. 4; Oross et al. 2011.182; Rut-
tkay 1996; Somogyi 2000). Precisely dated settle-
ment phases in Moverna vas also mean that its pot-
tery assemblages are well constrained on the calen-
dar time frame and can thus be more usefully com-
pared with those from other 14C dated or undated
sites. Moverna vas, with its long stratigraphic and
typological sequence, is a unique reference point in
relation to other Neolithic and Eneolithic sites in Slo-
venia. The calendar chronology of its settlement
phases is useful as an indirect calendar dating refe-
rence for other archaeological sites with comparable
material.
Analyses of pottery from individual settlement pha-
ses in Moverna vas showed considerable changes in
typology and technology between the 6th and the
undated 7th settlement phases (Toma∫ 1997). These
changes are traditionally considered as marking the
transition between the Neolithic and Eneolithic (La-
sinja) cultures. Additional dates are needed from
younger Eneolithic settlement phases in Moverna vas
Fig. 2. Chronological model of Moverna vas settlement phases.
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in order to date younger activities and to constrain
the date of the supposed transition between the
Neolithic and Eneolithic at the site. We will then be
able to show whether similar typological and tech-
nological changes appear simultaneously at differ-
ent sites, as is expected from a relative chronologi-
cal viewpoint, or if the picture is more complicated.
On the basis of the present chronological model of
the Neolithic settlement phases in Moverna vas, we
can at least put forward a terminus post quem date
for the boundary between 6th and 7th settlement
phases and associated typological changes of pot-
tery at this site to around 4349–4257 calBC (68.2%
probability). This is an age estimate for the end of
the 6th settlement phase in our model (Fig. 2).
The Sava group of the Lengyel culture
In this case study, 14C dates from sites associated
with the Sava group of the Lengyel culture are mo-
delled within a bounded phase in order to limit the
inevitable scatter of individual dates and estimate
the period in which this pottery type was produced.
This Neolithic cultural group was recently defined
on the basis of typological and technological analy-
ses of pottery and comparison of sites discovered in
new rescue excavations in Central Slovenia. It was
synchronised with phase II of the Lengyel culture
and roughly dated to the 1st half of the 5th millen-
nium calBC, or from 4800 to 4500 calBC (Gu∏tin
2005.14–16). 14C dates from three sites allows us to
model the period when this type of pottery was in
use, while activities within individual sites cannot be
dated precisely because there are no vertical strati-
graphic sequences which would allow us to constrain
the 14C dates. Twenty dates are available from the
site at ∞ate∫-Sredno polje, excluding three signifi-
cantly younger dates (ibid. Fig. 2). Measurements
were performed in Leibnitz-Labor in Kiel. The Drago-
melj site provides us with four dates measured by
Beta Analytic in Miami (Turk, Svetli≠i≠ 2005.69;
Turk 2010.43). One date is again significantly youn-
ger and thus excluded. Two additional dates are
available from Resnikov prekop, one older and less
precise measurement from Zagreb (Srdo≠ et al. 1977.
472) and one measured in Heidelberg (∞ufar, Ko-
ren≠i≠ 2006.Tab. 2). 
As presented in the introduction to Bayesian mod-
elling, the underlying assumption of a bounded
phase used in this model is that 14C samples are
randomly distributed within a period of activity. In
our case, this period of activity is represented by the
production of a specific variety of pottery, while our
available 14C dates act as random samples from
within this activity. In this, our model is slightly bia-
sed, as 14C dates are available from only three sites,
and the majority comes from only one (∞ate∫-Sred-
no polje). Nevertheless, the results of our model re-
present the current state of research. Another prob-
lem affecting the results of the model is that all the
14C dates were taken from charcoal samples, so the
old wood effect has to be taken into account. Beca-
use of this problem, our estimated date for the start
of the modelled period of activity is not reliable and
should probably be younger, while our estimate for
the end of this period should be close to the true
value. 
The results of the model are presented in Figure 4.
The model has a good agreement index (74.4%),
with only the oldest date from ∞ate∫-Sredno polje
being inconsistent. This was expected, due to the
possibility of the old wood effect of the charcoal
dates. The estimated beginning of the Sava group
of the Lengyel culture is dated to 4786–4731 calBC
(68.2% probability), but due to the old wood effect,
we can expect it to be later. The end of this period
is dated to 4582–4530 calBC (68.2% probability).
Pottery associated with this cultural group was pro-
duced in the 48th, 47th and early 46th centuries
calBC, for an estimated duration of 161–268 years
(68.2% probability).
Concerning all the available 14C dates from Slove-
nia, two major clusters of probability distribution
appear. The one dating to the 48th–46th century
calBC (Fig. 4) comprises sites of the Neolithic Sava
Fig. 3. Estimated duration of settlement phases in Moverna vas.
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group of the Lengyel culture, while the second da-
ted to 44th and 43rd centuries calBC comprises the
first sites of the Eneolithic Lasinja culture, as well as
sites still attributed to the Neolithic (Fig. 5). There
is a lack of dated sites in the 45th millennium calBC,
with the exception of two dates from two sites in the
Prekmurje region (Bukovnica and Murska Sobota-
Nova Tabla; see Fig. 11). It cannot be determined
whether this gap in the calendar sequence is the re-
sult of research orientation or real settlement pat-
terns. The time difference between the two clusters
of dates, i.e. between the end of the Sava group
phase and the beginning of the Lasinja culture sites,
the chronological modelling of which is presented
below, is 150–233 years (68.2% probability).
The contemporaneity of Neolithic and Eneoli-
thic sites in Slovenia
We now turn to the series of available 14C dates
from the second half of the 5th millennium calBC.
This period is characterised in traditional relative
cultural chronology by the transition from Neoli-
thic to Eneolithic (Lasinja) cultures, which are vie-
wed as temporally exclusive, following each other
sequentially with no temporal overlap. We present
three chronological models together and try to show
that a temporal overlap is possible, or at least syn-
chronicity between differently chronologically and
culturally classified sites in Slovenia.
Ajdovska jama in southeastern Slovenia is a cave
site where human burials were discovered within
two thin layers (stratigraphical units 44 and 43).
There is evidence of a funerary ritual in which the
deceased were supposedly exposed in the right cave
shaft to putrefy before they were finally buried
(Horvat 2009.28–29) in the cave. Many radiocarbon
dates from the burial contexts were measured on
charcoal and cereal grain by the Ru∂er Bo∏kovi≤ In-
stitute in Zagreb, but these dates are old and have
large standard deviations. They are not used in the
chronological modelling, as new and much more
precise AMS 14C dates on human bones have been
obtained (Bonsall et al. 2007. Tab. 1). Together with
the publication (ibid. Fig. 5), 10 14C dates were mo-
delled within two bounded contiguous phases that
correspond to the two stratigraphic layers from
which the dates originate. The results show that bu-
rial deposition began after 4340–4286 calBC (68.2%
probability), lasted for only 0–62 years (68.2% pro-
bability) and ended before 4295–4235 calBC (68.2%
probability). These precise estimates show that peo-
ple were buried in Ajdovska jama for only about two
generations or less, some time in the second half
of the 44th century and the first half of the 43rd cen-
tury calBC. Ajdovska jama is the only Neolithic site
in Slovenia where human burials have been disco-
vered and is dated to the period in which the tran-
sition between the Neolithic and Eneolithic is expec-
ted, while the pottery assemblage associated with
the human burials is supposedly Neolithic in terms
of typology and technology (Horvat 2009.25). 
In North-eastern Slovenia, we have a series of 14C
dates from sites with pottery assemblages that have
been attributed to the Eneolithic Lasinja culture on
the basis of their typological and technological ana-
lysis and inter-site comparisons. We consider only
dates that fall within the second half of the 5th mil-
lennium calBC. All the available dates from Lasinja
culture sites refer to charcoal, so we need to take
the old wood effect into account. Dates are available
from four sites attributed to Lasinja culture. The So-
dolek and Male≠nik sites provide only one 14C date
each. Eight dates measured in Miami are available
from supposedly Lasinja culture features from Ormo∫-
Hardek (Ωi∫ek 2006.130), but three had to be exclu-
ded from the model because they appear erroneously
too old or too young. From Turni∏≠e-Gorice (Pleste-
njak 2010.156–161) five dates are available, but
two must again be excluded because they are signi-
ficantly younger and fall outside the range propo-
sed for Lasinja culture. They are erroneous or date
younger occupations of the site. The significant dates
from Turni∏≠e-Gorice were measured in Kiel and in
Waikato Radiocarbon Dating Laboratory. Dates are
modelled as a bounded phase of activity similarly to
the modelling of the Sava group of the Lengyel cul-
ture described above. With the assumption of a ran-
dom distribution of samples, we try to limit the scat-
ter of probability distributions and estimate the date
for the beginning of pottery production associated
with the Lasinja culture in Slovenia. The beginning
of the Lasinja culture estimated on the basis of our
model is expected to be 4384–4337. As all of the 14C
dates are on charcoal, this estimate should proba-
bly be set later.
The chronological modelling of the settlement pha-
ses at Moverna vas presented in the first case study
allowed us to estimate the beginning of the 6th set-
tlement phase after 4389–4350 calBC (68.2% pro-
bability) and its end to 4324–4225 calBC (68.2%
probability). This last Neolithic settlement phase can
thus be compared with the dates for the Lasinja cul-
ture sites and Ajdovska jama burials. As shown by
pottery analyses at Moverna vas, crucial typological
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and technological changes in pottery connected with
the appearance of the Lasinja culture are attested for
this site no earlier than the next, undated 7th set-
tlement phase.
A comparison of the results of three different chro-
nological models (Ajdovska jama burials, Lasinja
culture sites and the last Neolithic settlement phase
at Moverna vas) on the Figure 5 shows that all the
modelled dates are grouped tightly together with-
in the 44th and 43rd centuries BC. There seems to be
a significant temporal overlap between Neolithic
(burials at Ajdovska jama and last Neolithic settle-
ment phase in Moverna vas) and Eneolithic (Lasinja
culture) sites. On the basis of the calculated differ-
ence between the end of burial activity in Ajdovska
jama and the start of Lasinja culture this overlap las-
ted for about a century or so (50–135 years (68.2%
probability)); the same holds for the overlap be-
tween the 6th settlement phase at the Moverna vas
and Lasinja culture sites (29–148 years). Interes-
tingly, the calculated difference between the start
of both the 6th settlement phase in Moverna vas and
Lasinja culture is close to zero (–23–47 years (68.2%
probability). This means that at the time when sites
with pottery attributed to the Eneolithic Lasinja cul-
ture were being founded, pottery in Moverna vas
was still being produced in more or less traditional
‘Neolithic’ ways, with changes coming a century or
so later. Even if we consider the overlap as being
partly the product of the old wood effect on the La-
sinja culture dates, the demonstrated tight grouping
of dates in our models show that it must be assu-
med that both Ajdovska jama and the 6th settlement
phase in Moverna vas and Lasinja culture sites were
contemporary. Thus sites with Neolithic pottery tra-
Fig. 4. Chronological model of the Sava group of the Lengyel culture in Slovenia.
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ditions and sites with Eneolithic pottery types seem
to be contemporary.
Our results show that the calendar time-scale tem-
poral patterning of pottery assemblages is more com-
plicated than relative chronologies suppose. It has
to be pointed out that ascription of sites to different
periods and cultures is highly dependent on the ex-
cavator’s experience and viewpoint concerning pot-
tery typology, the comparison of pottery assembla-
ges and relative chronological schemes. The pottery
assemblage from Ajdovska jama, for example, al-
though interpreted by the excavator as having Neo-
lithic traditions and dated to the “Pre-Lasinja peri-
od” (Horvat 2009.25), was also used to show sim-
ilarities in pottery typology with sites attributed to
the Eneolithic Lasinja culture (e.g. Plestenjak 2010.
35). It seems that the contradictions between the
relative chronology and the calendar chronology are
more products of inconsistencies of interpretation
between different researchers. More cases of resear-
chers disagreeing on the attribution of sites to Neo-
Fig. 5. Comparison of chronological models of Ajdovska jama burial activity, 6th settlement phase in Mo-
verna vas and Lasinja culture sites in Slovenia.
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lithic or Eneolithic Lasinja culture can be found in
a recent article by Milena Horvat (Horvat 2009). In-
consistencies in relative chronology can be conside-
red a product of the assumptions underlying the
time concepts of temporal exclusiveness and sequen-
tial order of relative chronological blocks. This is not
the place to argue about whether a site should be
considered Neolithic or Eneolithic. The interpreta-
tions of the excavators were simply used and com-
pared to the results of calendar chronology to show
that there are some problems of interpretation con-
cerning the relative chronological schemes, which
have to be addressed in the future. Calendar chro-
nology allows the independent dating of pottery as-
semblages and sites irrespective of their relative-
chronological and cultural attribution and will help
to clarify these chronological problems and the un-
derlying concepts of time. 
In addition to similar traits in pottery typology (Hor-
vat 2009) and period attribution to the Neolithic 6th
settlement phase at Moverna vas and burial contexts
in Ajdovska jama dated to this time frame have ano-
ther thing in common. They are both situated in
southeastern Slovenia, while all of the relevant La-
sinja culture sites lie in northeastern Slovenia. For
this reason, we should perhaps also consider regio-
nal differences in the appearance of pottery traits as-
sociated with the beginning of the Eneolithic period.
Additional data is needed to present evidence for or
against this proposition. Other observation we wish
to put forward is the fact that at Moverna vas, with
a long stratigraphic and typological sequence (To-
ma∫ 1997), pottery forms and decorations change
gradually within Neolithic settlement phases, while
on Lasinja sites, where there is no continuity from
the Neolithic, pottery forms and decoration appear
as novel. This perhaps contributes to the inconsis-
tency of chronological attribution to the Neolithic
(continuity of pottery typology) versus Eneolithic
(novel pottery typology) periods between different
excavators.
The time scale of our models is no longer several
centuries, as was possible to achieve in the past, but
several decades or spans of a few generations. Using
such precision, we have to be careful about our con-
clusions, as we have reached the limit of the 14C
dating method. We have to attend more closely to
the shape of the calibration curve and its ‘plateaus’,
which presents an obstacle even when 14C dates are
well constrained by archaeological data. One such
plateau is present in the time frame of the 44th and
43rd centuries calBC that we deal with in this sec-
tion and this has an effect on the probability distri-
butions of 14C dates and, eventually, on our conclu-
sions.
Sequence of houses at Vinkovci-Sopot
Recently, new radiocarbon dates from the epony-
mous tell-site of the Sopot culture – Vinkovci-Sopot
in the Slavonian region in Croatia – have been pub-
lished, together with some archaeological informa-
tion concerning the superposition of houses, some
of which have been 14C dated (Krznari≤ pikrivan-
ko 2011). Published 14C dates were measured on
charcoal and animal tooth samples at the Ru∂er
Bo∏kovi≤ Institute in Zagreb, Croatia and Beta Ana-
lytic laboratory in Miami, USA. Activity connected
to individual superposed houses is mostly dated by
one or rarely two charcoal samples found on house
floors. Because most of the dates are on ‘long-lived’
charcoal there is a possibility that the ages of 14C
samples are significantly older than house activi-
ties, and because few dates on ‘short-lived’ animal
teeth do not date the same contexts, the extent of
this time difference cannot be estimated. Despite
these problems, the publication of 14C dates from
Vinkovci-Sopot together with some contextual archa-
eological information provides an opportunity to
model the calendar chronology of the site in OxCal
and constrain the dates of individual houses based
on prior archaeological data.
We have modelled the calendar chronology of the
settlement on the basis of description of stratigra-
phic relations published together with 14C data. Re-
lations were described only in text format so we de-
cided to show relevant stratigraphic relations, used
in our model, on Figure 6. Period of occupation of
the settlement was modelled within two bounded
overlapping phases. Within the first (‘Star≠evo cul-
ture occupation’), a phase of sterile layers (SU80 and
SU143) is followed in a sequence by a date for the
only Star≠evo pit-house discovered so far at the site
(SU519). Followed by a supposed gap of occupation,
the second bounded phase (‘Sopot culture occupa-
tion’) is separated into three unrelated phases that
correspond to two different locations on the site
(‘South-West’, ‘Plateau’) and one phase that contai-
ned dated contexts not mentioned in the text (‘Ot-
her’). Within the ‘South-West’ phase, we nested the
following sequence: a phase connected to house
SU23 (house SU23 and its rubble SU6 in a sequence,
and neighbouring layer SU21 unrelated to this se-
quence) followed by two phases, each containing
14C dates of house SU20 and SU11, respectively. Un-
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related to the sequence, but still within the ‘South-
West’ phase is house SU53. Within the Plateau phase
there are two sequences of houses, both followed
in a sequence by one of the channels (SU222) that
destroyed the youngest horizon of houses at this
part of the site. Within this broader sequence, one
sequence represents a series of three (SU255, SU235
and SU207) and the other of two houses (SU301 and
SU183a). Unrelated to this sequence of houses and
a channel, but still within the Plateau phase, are one
house (SU403) and the rubble of another house
(SU332). Within the Other phase, two dates from
the channel fills (SU238 and SU405), dates on two
houses without a context number and a date from a
layer (SU24) are modelled as unrelated. These con-
texts are not mentioned in the description, but their
14C dates have also been published.
The model has been run in OxCal, and the results
allowed us to constrain the dates for those houses
which are in a sequence. Results are presented on Fi-
gure 7. The model has a good agreement index
(111.4) and all of the standardised likelihoods (14C
dates) passed the 60% threshold for accepting the
agreement as good. It has to be pointed out, how-
ever, that two dates were excluded from the model
(Z–2826 and Z–3868), as their ages are considerably
older than others from the same contexts (SU11 and
SU183a) and also considerably older than other da-
tes for the Sopot culture occupation at the site. The
14C dates on sterile layers and the only Star≠evo cul-
ture pit-house are almost contemporary and we can
date the beginning of the ‘Star≠evo culture’ occu-
pation to around 6000 calBC. We do not have any
other dated contexts attributed to this culture, so we
cannot model the duration of its occupation, but we
calculated the time difference between the end of
the Star≠evo culture occupation (based on available
date) and the start of the Sopot culture occupation
to be 966–1157 years (68.2% probability). The Star-
≠evo culture occupation part of the model is not pre-
sented in Figure 7. The Sopot culture occupation of
the site lasted for 661–871 years (68.2% probabili-
ty), from 4936–4816 calBC to 4191–4046 calBC
(68.2% probability). The sequence of houses above
the ditch in the southwestern part of the site is the
longest, as it contains both the oldest and youngest
dated house (SU23 and SU11, respectively). 
On the basis of the ‘Order’ function in OxCal, we can
determine the most probable temporal order of the
dated houses in the settlement. The oldest is house
SU23, constructed above the ditch in the southwest-
ern part of the tell in the 49th century calBC. It is
followed by the houses on the Plateau in the follo-
wing order: SU255, SU207, SU301, SU183a. These
houses were constructed from the 48th to the 45th
century calBC. These houses are followed in a se-
quence by channel SU222, which destroyed the
youngest horizon of houses at this part of the site;
but there is a gap of 326–473 years (68.2% probabi-
lity) between the last dated house, SU183a, and
channel SU222. This gap is
only partly filled by the se-
quence in the southwestern
part of the site, where house
SU20 was constructed long
after (430–595 years (68.2%
probability)) house SU23 in
the 43rd century calBC, fol-
lowed by house SU11 in the
same, or probably the next,
century. This last dated house
in the ‘South-West’ could be
contemporary with the chan-
nel that destroyed the last
houses on the Plateau. The
modelled sequence of dated
houses from different parts
of the site shows two continu-
ities of occupation in which
the houses follow each other
in relatively quick succession.
The first continuity is repre-
sented by houses SU23, SU-
Fig. 6. Diagram of relationships of 14C dated contexts in Sopot-Vinkovci
(On the basis of the description in Krznari≤ pikrivanko 2011).
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255, SU207, SU301 and SU183a, built in the course
of some two and a half centuries from the 49th till
46th century calBC. This continuity is followed by
the already mentioned gap of about three centuries
from the 46th till 44th century; a continuous sequence
is then resumed with houses SU20 and SU11 in the
43rd and 42nd centuries calBC. The reason for the
gap in our model could be due to the lack of 14C da-
ted houses and contextual archaeological data, as
some unsequenced and thus less precise dates (for
houses SU53, SU403 and layer SU24) also cover
this period. On the other hand, however, if the se-
quence of houses in the ‘South West’ with houses
SU23, SU20 and SU11 is complete as presented by
Maja Krznari≤ pikrivanko (2006.12–14, Fig. 2), this
gap is realistic. 
Houses SU255, SU207, SU301 and SU183a from the
Plateau are presented together with house SU11
from the ‘South West’ as belonging to the youngest
phase of settlement in an article by Krznari≤ pikrivan-
ko (2006.12). According to the results of our mo-
del, however, the houses were constructed four to
five centuries before the end of the settlement, i.e.
channel SU222 that, according to the excavator, de-
stroyed the youngest horizon of houses in this part
of the site (Krznari≤ pikrivanko 2011.213). Although
these houses are perhaps the latest in the stratigra-
phic sequence, they are quite early in the calendar
chronology of the site. After the gap in the calendar
sequence of houses, they are followed in the south-
western part of the site by the youngest houses,
SU20 and SU11.
Houses SU23, SU20 and SU11 above the ditch from
southwestern part of the tell, the dates of which are
constrained well within a sequence, have a pottery
assemblages attributed to individual typological pha-
ses of the Sopot culture (Krznari≤ pikrivanko 2006).
This allows us to check the consistency between the
typological relative chronology and 14C data and to
propose dates when changes in typology happened.
Fig. 7. Chronological model of the Sopot-Vinkovci tell site (typological phase attribution of individual
dated houses is labelled).
14C calendar chronologies and cultural sequences in 5th millennium BC in Slovenia and neighbouring regions
365
There seem to be no inversions of typological phas-
es when the calendar chronology and typological
attribution of pottery from the sequenced houses are
compared (Fig. 7, labelled dates). Houses SU20 and
SU53, with pottery attributed to typological phase
II–B, are both dated after house SU23, with pottery
attributed to phase II–A and before house SU11, with
pottery attributed to phase III; so the relative chro-
nological order of these typological phases of Sopot
culture is consistent with the 14C data, at least at the
eponymous Sopot-Vinkovci site, according to the
available 14C dates and archaeological data. This is
not surprising, as the separation of typological pha-
ses of the Sopot culture except for the oldest phase
was largely based on material from Sopot-Vinkovci
(Dimitrijevi≤ 1979; Krznari≤ pikrivanko 2002).
On the basis of our model, we can propose the dat-
ing of individual typological phases of the Sopot cul-
ture in Vinkovci-Sopot and compare it to the calen-
dar chronology proposed by Obeli≤ et al. (2004).
The authors of this article used an informal approach
of visual inspection of 68.2% probability ranges
pertaining to the summed probabilities of all 14C
dates belonging to individual typological phases
from different sites. In our model, the well constrai-
ned dates for house SU23 with pottery attributed to
typological phase II–A represent a terminus post
quem for the end of this phase, probably in the 48th
century calBC. This date agrees with the proposed
age for the end of typological phase II–A around
4770 calBC presented by Obeli≤ et al. (2004.Tab.
3). The dates for houses SU53 and SU20 with pot-
tery attributed to phase II–B can be used to date
this phase approximately from the 48th to the 43rd
century calBC. This again agrees well with the time
range of 4800–4250 calBC proposed by Obeli≤ et
al. (2004.Tab. 3). 
The continuation of the sequence above the ditch
is represented by house SU20, with pottery attribu-
ted to typological phase II–B, followed by house
SU11, with pottery attributed to typological phase
III. If only simple calibration is performed, then pro-
Fig. 7. (continued)
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bability distribution of 14C dates of these two hou-
ses overlap. Archaeological data on the superposi-
tion of these two houses allow us to constrain their
dates within a sequence and counter the broad scat-
ter of probability distributions due to the shape of
the calibration curve in the latter 5th millennium BC.
This precise dating now allows us to estimate the
age of the event when the typological shift from
phase II–B and III can be expected at the Vinkovci-
Sopot site. This is achieved in OxCal by entering ad-
ditional date parameter in the model between the
dates for houses SU20 and SU11 in a sequence. The
program then estimates the age of this date as con-
strained in the model to 4287–4162 calBC (68.2%
probability) (Fig. 8). 
It must be pointed out that this age estimate is
meaningful only if a sharp typological change in pot-
tery production is realistic. In the theoretical discus-
sion at the outset of this paper, we argued that the
classification of material culture within relative chro-
nological schemes of temporally limited and exclu-
sive units that follow one after another can produce
artificially homogenous and unchanging periods se-
parated by relatively rapid typological changes. This
is unrealistic, as pottery types are expected to change
gradually. Much more meaningful are the other re-
sults of our model, namely, the precise constrained
dates of individual houses and their sequences, to-
gether with estimated durations of occupation. Ne-
vertheless, an age estimate for the boundary be-
tween the typological phases II–B and III of the So-
pot culture at the Vinkovci-Sopot eponymous tell-site
will be used in the following section as an argument
for the contemporaneity of the Sopot and Lasinja
cultures. 
Contemporaneity of Sopot and Lasinja cultures
As argued in the theoretical discussion, archaeologi-
cal cultures are still today represented as internally
stable, time-constant entities that follow each other
sequentially, meaning that there should be no tem-
poral overlap between them. Figure 9 (Minichreiter,
Markovi≤ 2011.Fig. 2) shows that in the Slavonian
region of Croatia, where the Vinkovci-Sopot site is
situated, phases III and IV of the Sopot and Lasinja
cultures are expected to follow each other in such a
sequential order. By using the results of the Vinkov-
ci-Sopot model and chronological modelling of avai-
lable dates for the Lasinja culture from Slavonia, we
can check the consistency between the relative and
calendar chronology and try to show that this rel-
ative cultural sequence is flawed.
In the section above, we presented the estimated
date for the transition between typological phases
II–B and III of the Sopot culture at the eponymous
Vinkovci-Sopot site, where it is well constrained in
a sequence of houses, the pottery of which has been
attributed to individual typological phases. From the
Slavonian region, we also have 14C dates from seve-
ral Lasinja culture sites excavated before the con-
struction of a highway between ∑akovo and Osijek
(Balen 2008.Tab. 1; Minichreiter, Markovi≤ 2011.
Fig. 2), which are situated about 30km from Vinkov-
ci-Sopot. The Lasinja culture dates will be modelled
as a bounded phase of activity. As mentioned in the
introduction to Bayesian modelling, a bounded phase
with a beginning and end assumes that the 14C sam-
ples represent a random sample of dates within a
period of activity, in our case the production of the
Lasinja culture pottery type. This assumption is of-
ten used in order to limit the statistical scatter of the
14C measurements, especially when the calibration
curve is almost horizontal, as in our case.
On the Figure 10 we present our well constrained
date for the transition between typological phases
Sopot II–B and III in Sopot-Vinkovci, together with
14C dates for the Lasinja culture sites (Toma∏anci-Pa-
la≠a, Jurjevac-Stara Vodenica, ∑akova≠ki Selci-Pajte-
nica and Beketinci-Bente∫). The estimated date for
the start of the Lasinja culture on the basis of the 14C
dates for sites attributed to this culture is 4423–4256
calBC (68.2% probability), while our estimated date
for the transition between the typological phases
of Sopot II–B and III is 4287–4162 calBC (68.2%
probability). After calculating the time difference be-
tween these estimates, we can say that the transition
between Sopot II–B and III is 50–196 years (68.2%
probability) younger than the date for the start of
Lasinja culture, and on the basis of the ‘Order’ func-
Fig. 8. Estimated age of the boundary between the
II–B and III typological phases of Sopot culture as
constrained by the Sopot-Vinkovci model.
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tion in OxCal the probability of it being older are
negligible. If our constrained date represents the
start of the Sopot III typological phase, then accor-
ding to the relative sequence, we should have addi-
tional time reserved for the duration of this typolo-
gical phase before the start of Lasinja culture, espe-
cially since in the relative chronological scheme (Fig.
9) there is a whole cultural block (Sopot IV typolo-
gical phase, defined by Markovi≤ 1994) between the
end of Sopot III and start of Lasinja culture. Our re-
sults, on the contrary, show a significant temporal
overlap between the two cultures and provide a
good argument for this cultural sequence being fla-
wed.
Discussion
The chronological models presented show how it is
possible to constrain the dates of prehistoric activi-
ties for individual archaeological sites and how to
overcome the inevitable scatter of 14C dates of ty-
pological phases and archaeological cultures at the
regional scale. By comparing calendar with typolo-
gical and cultural sequences, we showed some in-
consistencies and contradictions in relative chrono-
logical schemes. These will now be discussed with-
in a broader temporal and spatial framework, toge-
ther with synchronicities of different cultural se-
quences.
On Figure 11 we present a diagram in which we cor-
relate calendar chronologies and some cultural se-
quences from Central and Southeastern Europe. It
has to be pointed out, that only a selection of archa-
eological cultures are presen-
ted on the diagram, so cultu-
ral sequences from individual
regions are not complete. The
diagram was produced on the
basis of Bayesian 14C chrono-
logical models and simple
group calibrations as well as
the calibrations of single 14C
dates. For larger 14C data sets
from individual sites or archa-
eological cultures estimates of
their calendric time spans are
presented on the basis of re-
sults of Bayesian analysis,
while for single or few 14C da-
tes calibrated ranges within
a 68.2% probability are pre-
sented. Boundaries between
typological phases of some ar-
chaeological cultures are marked with the aid of me-
dian values of estimated boundary dates. Left part
of the diagram shows calendar time-scale positions
of Slovenian sites on the basis of available 14C dates
(Bonsall et al. 2007.Tab. 1; ∞ufar, Koren≠i≠ 2006.
Tab. 2; Gu∏tin 2005.Fig. 2, 3; Plestenjak 2010.156,
160; Turk, Svetli≠i≠ 2005.69; Turk 2010.43; Ωi∫ek
2006.Fig. 2) and the long calendar sequence for Mo-
verna vas, presented in our first case study (Budja
1993(1994).Fig. 5; Ωibrat Ga∏pari≠ 2008.Fig. 5.1).
From Croatia, we present our results of the chrono-
logical modelling of the eponymous Vinkovci-Sopot
site (Krznari≤ pikrivanko 2011.Tab. 1) and the chro-
nology of the Sopot culture proposed by Bogomil
Obeli≤ et al. (2004.Tab. 1). The Lasinja culture span
in Croatia is also presented (Balen 2008.Tab. 1; Mi-
nichreiter, Markovi≤ 2011.Tab. 1; Beki≤ 2006.22,
95). We show also the results of the Bayesian chro-
nological modeling of the eponymous Vin≠a-Belo
brdo site from Serbia, produced by Du∏an Bori≤
(2009.Tab. 7). From Austria, the results of the Baye-
sian modelling of the relative chronology of the Mo-
ravian-Eastern-Austrian group of the Lengyel culture
(MOG) are presented (Stadler, Ruttkay 2007) as well
as a span of Kanzianberg-Lasinja culture (Ruttkay
1996.47). From Moravia, in the Czech Republic, we
produced a similar modelling of the relative chrono-
logy of Moravian painted ware culture (MMK) from
the available dates (Ku≠a et al. 2009a.Tab. 1; 2009b.
319, 320; 2010.157), while one date is available for
the Jordanóv culture (Pavel≠ik 2002.Tab. 2). From
Hungary, the overlapping phases of Transdanubian
Linear Pottery Culture (TLPC), Sopot and Early Len-
gyel cultures are presented (Bronk Ramsey et al.
Fig. 9. Relative chronological scheme showing (among others) the tempo-
rally exclusive cultural sequence of Sopot III, Sopot IV and Lasinja cultu-
res in Slavonia, Croatia. (Minichreiter, Markovi≤ 2011.Fig. 2).
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1999; Horvath, Kalicz 2003.20; Barna 2007.367;
Kalicz et al. 2007.44, 45), as well as spans for phase
III of the Lengyel culture (Ehrich 1992.353; Herte-
lendi 1995.105–111; Ilon 2004.Sl. 26) and Balaton-
Lasinja culture (Ehrich 1992.353; Kalicz 1995.41;
Figler et al. 1997.Tab. 2; Oross et al. 2010.Tab. 1).
From Slovakia, the span of the settlement in Svo-
dín is presented (Němejcová-Pavúková 1995.168)
and that of the Ludanice culture from Jel∏ovce (Görs-
dorf 1995.205, 206).
The second settlement phase in Moverna vas rep-
resents the oldest well documented and 14C dated
Neolithic activity in continental Slovenia, and its be-
ginning in 49th century calBC can be dated to before
the appearance of the Lengyel culture in a broader
spatial framework (Lengyel culture in Hungary and
Slovakia, MOG in Austria and MMK in Moravia). The
second settlement phase is also synchronous with
the transition between the C and D typological pha-
ses of Vin≠a culture and the II–A typological phase
of the Sopot culture as constrained by the Bayesian
chronological modelling of the site at Vinkovci-So-
pot. It is also synchronous with the later part of the
Sopot culture and Formative and Early phases of the
Lengyel culture in the Transdanubian region of Hun-
gary. On the basis of culturally mixed deposits and
the temporal overlap of 14C dates between Trans-
danubian Linear Pottery culture and Sopot culture
on one and Sopot and Lengyel culture on the other
hand, the possibility that individual archaeological
cultures lived contemporaneously in the same re-
gion has been proposed (Barna 2007; Kalicz et al.
2007). This argument is problematic, because it is
based on the assumption that differently culturally
attributed pottery was produced by different people.
The authors themselves acknowledge that differ-
ently classified pottery shows many similarities and
is hard to differentiate (Barna 2007.371). The cul-
tural attribution of pottery thus seems to be more
Fig. 10. Comparison of the estimated age of the boundary between the II–B and III typological phases of
Sopot culture and chronological model of Lasinja culture in Slavonia, Croatia. (Minichreiter, Markovi≤
2011.Fig. 2).
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the result of the experiences and decisions of archa-
eologists rather than something pertaining to real
patterns of material culture.
The sites of the Sava group of the Lengyel culture
in Slovenia, dated from the 48th to the 46th century
calBC also partly fit this temporal framework, but
not with certainty because of the possibility of the
old wood effect on the charcoal dates from these
sites. The Sava group is contemporaneous with the
early typological phases of MOG, i.e. formative phase
Ia0 and phases Ia and Ib, which is also postulated
on the basis of a typological comparison of pottery
(Toma∫ 2010.180). The general appearance of Leng-
yel culture in different regions is dated to around
4800 calBC (Stadler, Ruttkay 2007). The sites of the
Sava group of the Lengyel culture are also contem-
porary with the older sequence of houses at Vinkov-
ci-Sopot and with typological phases II–A and partly
II–B of the Sopot culture.
The lull in activity at Moverna vas in the third settle-
ment phase and the end of the Sava group in Slo-
venia are synchronous with the end of a long calen-
dar sequence on Vin≠a-Belo brdo and thus probably
also with the overall Vin≠a cultural sequence. This
period can be dated to the 46th century and the first
half of the 45th century calBC. Interestingly, the gap
in the sequence of superposed 14C dated houses at
Vinkovci-Sopot can also be dated to this period. In
Southeastern European periodisation, the end of
Vin≠a culture marks the beginning of the Eneolithic.
Also contemporaneous are the IIa typological phase
of MOG and MMK in Austria and Moravia, respecti-
vely, and the beginning of phase III of Lengyel cul-
ture in Hungary. These typological phases of Lengyel
culture are represented as the Earliest Eneolithic
phase in traditional periodisations (Pavúk 2000),
with the exception of Austria, where the term Eneo-
lithic is not used. The transition from the Neolithic
to Eneolithic in the traditional relative periodisation
can be dated to around the middle of the 5th millen-
nium calBC. 
After the end of the Sava group of the Lengyel cul-
ture in Central Slovenia, a gap of some two centu-
ries appears in the radiocarbon sequences before
the beginning of the Lasinja culture, dated on the ba-
sis of sites in north-eastern Slovenia. Well constrai-
ned dates for the 4th and 5th settlement phases in
a continuous stratigraphic sequence at Moverna vas
date the period of high activity on the site to the
second half of the 45th century and the first half of
the 44th century calBC. This period is synchronous
with later typological phases of the Lengyel culture.
In the 44th and 43rd centuries calBC we pointed out
the contemporaneity of sites attributed to the Neoli-
thic (the Ajdovska jama cave site and the 6th settle-
ment phase at Moverna vas) and Eneolithic or Lasi-
nja culture (sites in North-eastern Slovenia). The over-
all appearance of Lasinja culture and other related
cultures of the so-called Epilengyel cultural horizon
(Kanzianberg-Lasinja in Austria, Balaton-Lasinja in
Hungary, Ludanice in Slovakia and Jordanów in Czech
Republic) can probably be dated to around 4300
calBC or earlier. The beginning of Lasinja culture
around 4300 calBC has also been proposed by other
researchers (Balen 2008.22; Gu∏tin 2005.14, Fig. 4;
Oross et al. 2011.182; Ruttkay 1996; Somogyi 2000).
Conclusion
The case studies presented here show different pos-
sibilities of modelling calendar chronologies with
the aid of a Bayesian statistical framework imple-
mented in the widely available OxCal calibration
program. While this approach enables the dating of
archaeological deposits and sites irrespective of
their periodic or cultural attribution, it is far from an
independent dating method, as the accuracy and un-
derstanding of our archaeological information and
assumptions are crucial to the production of realistic
models. On the other hand, 14C sampling at archaeo-
logical sites needs careful planning in order to obtain
relevant samples whose relation to archaeological
events of interest is understood. We must bear in
mind that Bayesian modelling of archaeological chro-
nologies is only a heuristic tool; it does not provide
final or absolute results. Our calendar chronologies
will change as new data becomes available and as we
decide to model them in different ways. Our results
are only a first glimpse into what can be achieved
with Bayesian modelling of calendar chronologies. 
In Moverna vas, the stratigraphic and typological se-
quence of Neolithic settlement phases was provided
with precise dating of pottery assemblages from
within these phases as well as with their durations.
On the basis of the estimated duration of individual
settlement phases, the depth of layered deposits and
abundance of material within them, we proposed
that the 3rd settlement phase was a period of low
anthropogenic activity, while the opposite is true of
the 4th and 5th settlement phases. The end of Neo-
lithic occupation at the site corresponds well with
the proposed beginning of the Eneolithic Lasinja cul-
ture in neighbouring regions, while the Lasinja sites
in Slovenia seem to be at least partly contempora-
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neous with the last Neolithic settlement phase in Mo-
verna vas.
14C dates from sites attributed to the Sava group of
the Lengyel culture in Central Slovenia were used to
provide an estimated calendar date for the beginning
and end of this cultural group and an estimate of its
duration. We pointed out two clusters of 14C dates
from Slovenia, one belonging to this group and the
other to Lasinja sites in North-Eastern Slovenia (besi-
des 14C dates from Ajdovska jama cave site). A signi-
ficant temporal gap can be discerned between these
two clusters in the middle of the 5th millennium calBC.
By comparing the calendar chronology model of hu-
man burials discovered in Ajdovska jama cave and
the calendar chronology of the last Neolithic settle-
ment phase in Moverna vas with the chronological
model for the Lasinja sites in North-Eastern Slove-
nia, we exposed inconsistencies in cultural attribu-
tion of contemporaneous sites. Sites that are con-
temporary according to their 14C dates are inter-
preted by different researchers as belonging to dif-
ferent periods and archaeological cultures. We also
considered the possibility that differences in the pe-
riodical and cultural attribution of pottery assem-
blages from contemporary sites could be the result
of regional differences in the appearance of pottery
traits associated with different periods and archaeo-
logical cultures.
The complex calendar chronology model of the Vin-
kovci-Sopot tell-site, which utilises the available 14C
dates and archaeological data about the superposi-
tion of houses, allowed us to date individual houses
precisely and propose the most probable order in
which they were constructed. The 14C dated and se-
quenced houses were built within two continuous
periods separated by a gap. With the aid of informa-
tion on the typological attribution of the pottery as-
semblages from some sequenced houses, we were
able to estimate the age of the event when the boun-
dary between the II–B and III typological phases of
the Sopot culture can be expected at the Vinkovci-
Sopot site.
This event, dated to around 4200 calBC, is conside-
rably later than the appearance of the Lasinja sites
in the same region in Croatia. Unlike the relative
cultural schemes which present Sopot III and Lasi-
nja culture as not only temporally exclusive, but also
separated by another Sopot IV typological phase,
our results provide a good argument for a temporal
overlap between them and for an inconsistency in
the relative chronological scheme of archaeological
cultures.
Fig. 11. Diagram of the correlation between calendar and cultural sequences. The cultural sequences of
some archaeological cultures as well as individual sites from Central and Southeastern Europe are shown.
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Despite the problematic theoretical nature of chro-
nology, it is crucial to archaeological practice. Baye-
sian modelling of calendar chronologies is a way to
bridge the gap between chronology and theoretical
discussions concerning the experience and flow of
time, issues of social construction of time, of memo-
ry and forgetting and the nature of the past in the
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Age SD Stratigraphic
Typo-
Site Lab Code
(BP) (±a)
Material
Context
chronological Reference
scheme
Ajdovska jama OxA-15041 5485 50 human bone 44 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15072 5365 31 human bone 43 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15073 5369 31 human bone 44 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15074 5416 35 human bone 44 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15091 5421 30 human bone 44 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15092 5436 30 human bone 44 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15093 5389 30 human bone 43 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15094 5405 31 human bone 43 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15095 5471 31 human bone 43 Neolithic Bonsall et al. 2007.Tab.1
Ajdovska jama OxA-15119 5340 36 human bone 44 Neolithic Bonsall et al. 2007.Tab.1
:ate/-Sredno polje KIA17846 5804 30 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17847 5747 32 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17848 5935 31 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17849 5751 33 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17850 5811 30 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17852 5758 33 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17854 5718 32 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17855 5750 31 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17856 5806 42 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17857 5888 36 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17858 5782 30 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17859 5752 30 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17860 5828 36 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17861 5820 30 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17862 5797 40 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17863 5791 37 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17864 5992 36 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17865 5787 33 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17866 5839 30 charcoal Sava group Gu[tin 2005.Fig. 2
:ate/-Sredno polje KIA17867 5737 39 charcoal Sava group Gu[tin 2005.Fig. 2
Dragomelj Beta-162366 5730 50 charcoal Sava group Turk, Svetli;i; 2005.69
Dragomelj Beta-201209 5870 40 charcoal Sava group Turk 2010.43
Dragomelj Beta-201210 5750 40 charcoal Sava group Turk 2010.43
Dragomelj Beta-201213 5740 40 charcoal Sava group Turk 2010.43
Turni[;e-Gorice KIA31894 5435 35 charcoal Lasinja Plestenjak 2010.156
Turni[;e-Gorice Wk-23910 5396 30 charcoal Lasinja Plestenjak 2010.160
Turni[;e-Gorice Wk-23911 5416 30 charcoal Lasinja Plestenjak 2010.156
Male;nik KIA22920 5503 38 charcoal Lasinja Gu[tin 2005.Fig. 3
Moverna vas OxA-4626 5390 80 charcoal 031.4 (6. phase) Neolithic Budja 1993(1994).Fig. 5
Moverna vas OxA-4627 5580 80 charcoal 022 (5. phase) Neolithic Budja 1993(1994).Fig. 5
Moverna vas OxA-4628 5640 80 charcoal 050.2 (4. phase) Neolithic Budja 1993(1994).Fig. 5
Moverna vas OxA-4629 5830 80 charcoal 057 (2. phase) Neolithic Budja 1993(1994).Fig. 5
Moverna vas OxA-4630 5830 90 charcoal 056.3 (2. phase) Neolithic Budja 1993(1994).Fig. 5
Moverna vas OxA-4631 5720 90 charcoal 053 (3. phase) Neolithic Budja 1993(1994).Fig. 5
Moverna vas Poz-21396 5750 40 pottery residue 053.1 (3. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-21398 5550 40 pottery residue 050.2 (4. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-21399 5630 40 pottery residue 050.1 (4. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-21400 5610 40 pottery residue 022.1 (5. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-21402a 5620 40 pottery residue 050.1 (4. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-21402b 5990 40 pottery residue 050.2\056 (2. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-21403 5800 40 pottery residue planum 7 (2. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
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Moverna vas Poz-21404 5670 40 pottery residue 031.4 (6. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-21419 5940 40 pottery residue planum 7 (2. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-21420 5550 40 pottery residue 050.2 (4. phase) Neolithic ?ibrat Ga[pari; 2008.Fig. 5.1
Moverna vas Poz-48532 5780 50 pottery residue 056.1 (2. phase) Neolithic first published here
Moverna vas Poz-48533 5490 40 pottery residue 031.4 (6. phase) Neolithic first published here
Moverna vas Poz-48534 5540 40 pottery residue 031.3 (6. phase) Neolithic first published here
Moverna vas Poz-48536 5390 40 pottery residue 031.4 (6. phase) Neolithic first published here
Moverna vas Poz-48537 5580 40 pottery residue
planum 6
Neolithic first published here
(4. or 6. phase)
Ormo/-Hardek Beta-112115 5380 50 charcoal Lasinja ?i/ek 2006.Fig. 2
Ormo/-Hardek Beta-112117 5480 40 charcoal Lasinja ?i/ek 2006.Fig. 2
Ormo/-Hardek Beta-112118 5300 50 charcoal Lasinja ?i/ek 2006.Fig. 2
Ormo/-Hardek Beta-112120 5530 60 charcoal Lasinja ?i/ek 2006.Fig. 2
Ormo/-Hardek Beta-112122 5410 50 charcoal Lasinja ?i/ek 2006.Fig. 2
Sodolek KIA26992 5524 37 charcoal Lasinja Gu[tin 2005.Fig. 3
Beketinci-Bente/ Z-4373 5057 81 Lasinja
Minichreiter, Markovic´ 
2011.Fig. 2
Beketinci-Bente/ Z-4375 4954 108 Lasinja
Minichreiter, Markovic´
2011.Fig. 2
Beketinci-Bente/ Z-4376 4787 168 Lasinja
Minichreiter, Markovic´
2011.Fig. 2
Jurjevac-
Beta-246768 5200 40 charcoal Lasinja Balen 2008.Tab. 1
Stara Vodenica
Jurjevac-
Beta-246771 5160 40 charcoal Lasinja Balen 2008.Tab. 1
Stara Vodenica
Jurjevac-
Beta-246776 5240 40 charcoal Lasinja Balen 2008.Tab. 1
Stara Vodenica
Jurjevac-
Beta-246777 5330 50 bone Lasinja Balen 2008.Tab. 1
Stara Vodenica
Jurjevac-
Beta-246778 5210 40 tooth Lasinja Balen 2008.Tab. 1
Stara Vodenica
Jurjevac-
Beta-246781 5230 40 charcoal Lasinja Balen 2008.Tab. 1
Stara Vodenica
∑akova;ki Selci-
Beta-227927 5350 40 charcoal Lasinja Balen 2008.Tab. 1
Pajtenica
∑akova;ki Selci-
Beta-227929 5270 40 charcoal Lasinja Balen 2008.Tab. 1
Pajtenica
∑akova;ki Selci-
Beta-227930 5450 40 charcoal Lasinja Balen 2008.Tab. 1
Pajtenica
∑akova;ki Selci-
Beta-227933 5330 40 charcoal Lasinja Balen 2008.Tab. 1
Pajtenica
∑akova;ki Selci-
Beta-227934 4840 40 bone Lasinja Balen 2008.Tab. 1
Pajtenica
∑akova;ki Selci-
Beta-227935 5210 40 charcoal Lasinja Balen 2008.Tab. 1
Pajtenica
∑akova;ki Selci-
Beta-227936 4970 40 charcoal Lasinja Balen 2008.Tab. 1
Pajtenica
∑akova;ki Selci-
Beta-227937 5220 40 charcoal Lasinja Balen 2008.Tab. 1
Pajtenica
Toma[anci-Pala;a Beta-245707 5210 40 charcoal Lasinja Balen 2008.Tab. 1
Toma[anci-Pala;a Beta-252269 5400 40 charcoal Lasinja Balen 2008.Tab. 1
Toma[anci-Pala;a Beta-252277 5420 40 charcoal Lasinja Balen 2008.Tab. 1
Toma[anci-Pala;a Beta-252283 5360 50 charcoal Lasinja Balen 2008.Tab. 1
Vinkovci-Sopot Z-3139 6020 100 charcoal 23 Sopot II-A Krznaric´ {krivanko 2011.Tab. 1
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Vinkovci-Sopot Z-3140 6010 100 charcoal 23 Sopot II-A Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-3141 5960 100 charcoal 6 Sopot II-A Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-2752 5675 120 charcoal Sopot II-B Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-2753 5790 125 charcoal Sopot II-B Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-2909 5220 100 charcoal 20 Sopot II-B Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-2911 5330 90 charcoal 20 Sopot II-B Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-3143 5840 100 charcoal 53 Sopot II-B Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-2754 5360 130 charcoal 11 Sopot III Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-2826 6339 99 charcoal 11 Sopot III Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-2827 5380 98 charcoal 11 Sopot III Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-3142 5550 130 charcoal 24 Sopot Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-3866 5415 195 charcoal 332 Sopot Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-3867 5715 155 charcoal 53 Sopot Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-3868 6295 135 charcoal 183a Sopot Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-3869 5900 75 charcoal 207 Sopot Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Z-3870 5840 80 charcoal 238 Sopot Krznaric´ {krivanko 2011.Tab. 1
Vinkovci-Sopot Beta-230029 5880 40 charcoal 235 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-230030 5300 40 charcoal 222 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-230031 5780 40 charcoal 301 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-230032 5680 40 charcoal 218 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-230033 5760 40 charcoal 183a Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-251907 5940 40 tooth 21 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-251908 5840 50 tooth 403 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-251909 7120 50 tooth 80 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-251910 7100 50 tooth 519 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-251911 7110 50 tooth 143 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-251912 5860 50 tooth 255 Sopot Krznaric´ {krivanko 2011.Tab. 2
Vinkovci-Sopot Beta-251913 5800 50 tooth 405 Sopot Krznaric´ {krivanko 2011.Tab. 2
